Summary. Concentrations of HDL cholesterol and apolipoprotein A-I are commonly increased in Type 1 (insulindependent) diabetes mellitus but the mechanisms whereby diabetes influences HDL metabolism have not been studied. We investigated the metabolism of HDL apoproteins A-I and II in normolipidaemic Type 1 diabetic men (n = 17, HbA~ 6.4-11.9 % ) without microalbuminuria but with a wide range of HDL cholesterol (0.85-2.10 mmol/1) and in nondiabetic men (n = 18) matched for body mass index and the range of HDL cholesterol. Input rates and fractional catabolic rates for apolipoproteins A-I and II were determined following injection of ~2q-apolipoprotein A-I and ~31I-apolipoprotein A-II tracers. Additional multicompartmental analysis was performed using a model to describe the kinetics of HDL particles containing only apolipoprotein A-I (Lp A-I) and apolipoprotein A-I and apolipoprotein A-II (Lp A-I/ A-II). No gross differences from normal subjects were observed in the mean levels of lipids, lipoproteins, apoproteins and the lipolytic enzymes in the diabetic men as a result of the selection process. Furthermore, the relationship between apolipoprotein A kinetics and plasma HDL cholesterol levels appeared to be preserved in the diabetic group. However, some normal interrelationships were disrupted in the diabetic men. Firstly, the rate of apolipoprotein A-II synthesis was 22% lower than in control subjects (p < 0.05). Modelling indicated that this was due to decreased input of Lp A-I/A-II particles whereas the input of Lp A-I particles was similar in the two groups. Secondly, there was no correlation between VLDL triglyceride and HDL cholesterol or VLDL triglyceride and the fractional catabolic rate of apolipoproteins A-I and A-II in diabetic men in contrast to that seen in control subjects. We conclude that there is a disruption in the normal association between VLDL and HDL metabolism in Type i diabetic men and postulate that the observed differences may be due to the therapeutic use of exogenous insulin.
apolipoprotein A kinetics and plasma HDL cholesterol levels appeared to be preserved in the diabetic group. However, some normal interrelationships were disrupted in the diabetic men. Firstly, the rate of apolipoprotein A-II synthesis was 22% lower than in control subjects (p < 0.05). Modelling indicated that this was due to decreased input of Lp A-I/A-II particles whereas the input of Lp A-I particles was similar in the two groups. Secondly, there was no correlation between VLDL triglyceride and HDL cholesterol or VLDL triglyceride and the fractional catabolic rate of apolipoproteins A-I and A-II in diabetic men in contrast to that seen in control subjects. We conclude that there is a disruption in the normal association between VLDL and HDL metabolism in Type i diabetic men and postulate that the observed differences may be due to the therapeutic use of exogenous insulin.
A reduced HDL cholesterol level in plasma is a recognised risk factor for coronary heart disease [1] . The concentration and composition of this lipoprotein are regulated by the combined actions of a number of factors including lipoprotein lipase (LPL), hepatic lipase (HL) and cholesteryl-ester transfer protein (CETP) [2, 3] . In addition plasma HDL levels are known to be influenced by changes in the synthesis and catabolism of the major HDL proteins, apolipoproteins (apo) A-I and A-II. HDL turnover studies have shown that the fractional catabolic rate (FCR) of apo A-I correlates inversely with the HDL levels in the circulation [4] [5] [6] [7] , i. e. a slow apo A-I FCR is associated with a high concentration of apo A-I and HDL. In contrast, fast clearance of apo A-I leads to low HDL levels regardless of the presence or absence of hypertriglyceridaemia [7] [8] [9] .
Since coronary heart disease is the principal complication and leading cause of death in diabetes, HDL has been a focus of great interest in both the insulin-dependent and non-insulin-dependent forms of the condition. In general HDL cholesterol is lower in Type 2 (non-insulin-dependent) patients compared to non-diabetic populations matched for sex, age and body mass index [10] . Conversely, most studies have reported that in Type i diabetic patients with fair to good glycaemic control, the concentration of HDL cholesterol is either increased or normal [10] . Lowering of HDL cholesterol has been documented in two studies [11, 12] . Thus, the response of HDL in diabetes seems to be variable. The observed elevation of HDL cholesterol in Type i diabetes is mainly due to high levels of HDL2 but a rise of HDL3 has also been reported [13] [14] [15] [16] . Not unexpectedly, therefore, the concentration of apo A-I in the plasma is generally elevated whereas that of apo A-II seems to be within the normal range [17] [18] [19] . Hyper-apo A-I is considered to be anti-atherogenic [3] . The apo A-I/A-II ratio rises consistently with a preferen-tial elevation of HDL2 which is the anti-atherogenic subclass of HDL cholesterol [3, 10] . Consequently there is an unsolved paradox in Type 1 diabetes which is in general associated with an increased risk of coronary heart disease. Overall the mechanisms by which diabetes modify HDL metabolism are not fully understood. We have shown that in Type i diabetes, as in the non-diabetic population, lipolytic enzymes (LPL and HL) regulate plasma HDL2 [14] . The observed elevation of HDL2 cholesterol can be at least partly explained by a rise of LPL activity due to peripheral hyperinsulinism in conventionally treated Type 1 diabetes [20] . However, there are no reports on the metabolism of apo A-I and A-II in Type 1 diabetic patients.
In the present study we have examined in vivo the turnover of apo A-I and A-II in normolipidaemic Type 1 diabetic subjects with fair to good glycaemic control and a wide range of HDL cholesterol. In particular, we sought to determine whether the diabetic condition per se influenced HDL metabolism in Type 1 diabetes. Consequently, the patients were compared to non-diabetic control subjects with a similar wide range of HDL levels. In addition, we measured the activities of lipolytic enzymes (LPL and HL) in post-heparinized plasma.
Subjects and methods
Seventeen Type i diabetic men selected to provide a wide range of HDL cholesterol (0.85-2.10 retool/l) but with normal serum triglyceride concentrations ( < 2.5 mmol/1) participated in the study. The average age of the patients was 36_+ 2 years (mean + SEM, range 23-59 years) and the mean body mass index ranged from 18.1 to 27.4 kg/m 2 (mean _+ SEM, 23.5 + 0.6 kg/m2). The duration of diabetes averaged 10.6 + 1.8 years (range 2-25 years). Sixteen patients received insulin by injection, two (n = 5) to three (n = 11) times daily and in one patient it was administered subcutaneously via a pump. The average dose of daily insulin was 41 + 3 IU which remained constant throughout the study. The concentrations of HbAl and fructosamine ranged from 6.4 to 11.9% and 2.2 to 3.9 gmol/1 respectively. All the patients had C-peptide values of less than 0.33 nmol/1. Overnight albumin excretion rates (3-18 gg/min) were normal as was the mean serum creatinine at 94 + 11 (mean + SEM) gmol/1. Two patients had background retinopathy. None was taking lipid-lowering drugs or other drugs known to influence lipid metabolism. The patients were instructed to follow a weight-maintaining, sucrose-free diet containing 45 % of its calories as carbohydrate, 35 % as fat and 20% as protein. The patients were recruited from the Diabetes Clinic of the Helsinki University Central Hospital.
Control men (n = 18) were recruited from volunteers screened for the Helsinki Heart Study between 1982 and 1983 but excluded from the study because their non-HDL cholesterol was < 5.2 mmol/1. A subgroup (n = 92) of these men living in the Helsinki area were screened again in 1988. The control group was selected to have similar ranges of HDL cholesterol and serum triglyceride as the Type 1 diabetic patients. None had a history of cardiovascular disease. Endocrine and other disorders which could influence lipoprotein metabolism were excluded by medical history, clinical examination and liver, kidney and thyroid function tests. None of the subjects was taking any medication. The absence of diabetes was confirmed by measurement of fasting blood glucose and serum fructosamine. All clinical and laboratory work was cornpleted in Helsinki whereas the kinetic analyses of apo A-I and A-II were performed in Glasgow. The study protocol was approved by the Ethical Committee of Helsinki University Hospital and informed consent was obtained from each subject. 
Purification and labelling of apolipoprotein A-I and A-H
Heterologous apo A-I and A-II were used to guarantee the same batch and structure of apoprotein. Apo A-I and A-II were prepared in Glasgow from the plasma o f healthy donors, who were negative on screening for hepatitis B and human immunodeficiency virus. HDL was separated by ultracentrifugation and apo A-I and A-II prepared after delipidation and purification using high performance liquid chromatography as described previously [21] . The purity of apoproteins was established by a battery of immunoassays and by amino acid analysis [22] . The isolated apoproteins were dialysed against 0.1mot/I NH4HCO3 (pH 8.6), lyophilized and stored at -70~ Batches of lyophilized apo A-I and A-II were mailed to Helsinki in dry ice and stored at -70~ Apo A-I (0.5mg) and apo A-II (0.5 mg) were trace labelled with i mCi of 1~3I and I mCi 131I respectively, by the iodine monochloride method [21, 23] . Radioiodinated apoproteins were freed from unbound radioiodide by column chromatography (Sephadex G-25M, Pharmacia, Uppsala, Sweden) and used immediately.
Kinetic studies
The subjects were examined as out-patients to avoid disruption of their daily life. No alcohol intake was allowed during the study and the subjects were instructed to maintain their normal physical activity. For 3 days before and throughout the study the subjects received potassium iodide (60 rag, three times per day) to minimise thyroid absorption of radioactive iodide.
Fasting blood was drawn into sterile tubes containing 300 B1 of 0.40 mol/l disodium-EDTA solution in 80ml samples. Plasma (25 ml) was adjusted to a density of 1.063 g/ml by adding solid KBr and centrifuged in a Beckman Ti 60 rotor (24 h, 40000 rev/min, 4 ~ The top fraction containing VLDL, intermediate density Iipoprotein (IDL) and LDL was removed and the density of the bottom adjusted to 1.210 g/ml by addition of solid KBr. HDL was isolated by a further centrifugation for 24 h as above. The HDL fraction was harvested by aspiration of 1-2 ml samples and stored at 4 ~ for up to 1-2 h. 125I-labelled apo A-I and 131I-labelled apo A-II were incubated with 0.5-1 ml of the HDL of each subject for 30 rain at room temperature. The density of the incubation mixtures was adjusted to 1.21 g/mI by using solid KBr, overlayered with 3.5 ml of KBr solution (density = 1.210 g/ml) and the HDL re-isolated by ultracentrifugation for 21 h at 40000 rev/min at 4~ in a Beckman Ti 50.3 rotor. ~25I apo A-I HDL and 131I apo A-II HDL were harvested by aspiration and dialysed extensively against sterile 0.15 mol/1 NaC1, 0.01% disodium-EDTA. Thereafter the preparations were sterilised by membrane filtration (0.22 gmol Millipore filters, Millipore, Bedford, Mass., USA).
On the fifth morning after the collection of the initial blood samples the subjects received 25 gCi each of labelled apo A-I HDL and apo A-II HDL by i.v. bolus injection. The first blood sample was taken after 10 rain and then daily after a 10-h overnight fast until day 13.24-h urine specimens were collected over 13 days and the urine volume measured. The concentration of creatinine in the urine was used as an index of completeness of collection. The radioactivity was measured in 2-ml aliquots of plasma and urine, and was counted at the end of the study.
Lipid, lipoprotein and apoprotein determinations
On days 1,6, 10 and 13 of the turnover period blood was drawn after a 10-h overnight fast for measurement of serum lipids and lipoproteins. Lipoprotein fractions were isolated by sequential ultracentrifugation [24] in a Beckman L7-70 ultracentrifuge (Beckman Instruments, Palo Alto, Calif., USA) using a Kontrol TZT 45.6 rotor (Kontron AG, Basel, Switzerland). VLDL, IDL and LDL were isolated at densities of 1.006, 1.019 and 1.063 g/ml, respectively. Thereafter, HDL2 and HDL3 were isolated at densities of 1.125 and
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Post-heparin plasma LPL and hepatic lipase
After collection of the blood sample for HDL isolation, heparin (100 IU/kg body weight, Leiras, Huhtam~iki Oy, Turku, Finland) was injected i. v. as a bolus, and blood was drawn before and 15 rain after the injection into chilled heparinized tubes kept on ice. Plasma was separated immediately in a cooled centrifuge and stored at -20 ~ LPL and hepatic lipase activities were measured by an immunochemical method using a specific antiserum against hepatic lipase in the LPL assay [25] . Hepatic lipase was measured with a substrate containing 1 tool/1 NaC1 to inactivate the LPL. Each assay series included two reference standards for LPL and HL activities.
Analysis of apo A-I and A-H kinetics
Kinetic analysis of the data was performed with the SAAM 20 program [26] . Radioactivity decay curves in plasma and urine, together with the mean masses of apo A-I and A-II were used to derive FCRs and inputs for the individual apoproteins. To gain further insight into apo A kinetics, the turnover data for apo A-I and apo A-II were combined according to the model shown in Figure 1 . It is based on the observation that HDL can be divided into populations of particles containing apo A-I and apo A-II (LpA-I/A-II) and apo A-I alone (LpA-I) [22, 27] . The following assumptions were made: ( 
Rationale
It has been a long-standing observation that tracer apo A-I is removed from the circulation more rapidly than apo A-II [4] [5] [6] . In an attempt to reconcile the behaviour of these major HDL proteins, Zech et al. [28] proposed a composite model in which apo A-II turn-349 over was explained by a single plasma compartment while apo A-I required two. The slower metabolised apo A-I pool had kinetic characteristics similar to those of apo A-II. Support for this view of HDL metabolism came from structural studies which revealed that two particle types were present in the HDL density interval, one containing apo A-I the other apo A-I and apo A-II [22, 27, 29, 30] . A series of investigations using immunochemical [31] , ultracentrifugal [32] and cross-linking [33] techniques have concluded that the measured molar ratio of apo A-I to apo A-II in LpA-I/A-II is invariant at about 1:1 provided that apo A-II represents a dimer. When measured immunochemically this ratio appears to be approximately 1.3:1, possibly as a result of differential antigenic expression of the apoproteins, giving a weight ratio of 2.1:1. Assumption 3 noted above is, therefore, founded on a substantial body of experimental evidence. ~s~I apo A-II can be considered to trace the behaviour of LpA-I/ A-II particles assuming the particle is catabolised as a unit (assumption 2) and therefore the calculated FCR for apo A-II provides an FCR for its accompanying apo A-I. This together, the pool size for A-I in LpA-I/A-II derived from the apo A-I/A-II ratio yields an input rate (U9).
Derivation of the kinetics of LpA-I is more problematic. There is a difference between apo A-I and A-II clearance as noted above which can be ascribed to differential catabolism of LpA-I and LpA-I/A-II particles. If the interparticle exchange of apo A-I is ignored then the initial radioactivity of apo A-I tracer can be distributed according to the calculated mass of apo A-I in LpA-I/A-II and in LpA-I (i. e. total apo A-I minus A-I in LpA-I/A-II). The fractional catabolic and input rates of LpA-I can then be derived using SAAM 30 and the model in Figure 1 . LpA-I clearance is basically the difference between the behaviour of apo A-I in LpA-I/A-II and that of total apo A-I. If exchange of apo A-I between the two particle types takes place, then the differences between their catabolic rates are reduced and not adequately detected using the present technique. Therefore, the LpA-I kinetic data must be viewed with some caution and may be an underestimate. However, it is useful to apply the model in an attempt to understand more clearly the regulation of HDL metabolism in control and diabetic subjects.
Analytical methods
Blood glucose was measured by the glucose oxidase method (Autoanalyser, Technicon, Tarrytown, NY, USA). Serum free-insulin concentrations were determined by radioimmunoassay with Phadeseph insulin radioimmunoassay kits (Pharmacia, Uppsala, Sweden) after precipitation with polyethylene glycol [34] . Serum C-peptide (reference range 0.33-0.67 retool/l) was measured as described by Heding [35] . HbAI (normal range 6-8.5 % ), was measured by microcolumn chromatography (Isolab, Akron, Ohio, USA) [36] and fructosamine (reference range 2.0-2.8 retool/l) by the method of Johnson et al. [37] . The serum concentrations of cholesterol and triglycerides were determined with Boehringer Mannheim kits (nos 18313 and 297771) in a fully automated Olli-D discrete analyser (Kone, Helsinki, Finland).
Statistical analysis
The results are presented as mean_+ SD. Data analysis were conducted with a Biomedical Data Processing program [38] . In comparision between the two groups Student's paired t-test (normal distribution) and the Mann-Whitney rank sum test (non-parametric test) were used (program 3D).
Results

Metabolic parameters
The diabetic patients exhibited a wide range of glycaemic control (Table 1 ). Fasting glucose concentrations over the 13-day turnover period ranged from 5.4 to 14.5 mmol/1 
Plasma lipids and lipoproteins
There were no significant differences in the concentration of cholesterol in total plasma, VLDL and LDL between the two groups. The mean concentrations of HDL2 cholesterol and HDL3 cholesterol were 1.03+0.35 and 0.52 + 0.14 mmol/l in Type 1 diabetic patients and 1.06 + 0.56 and 0.52 + 0.16 mmol/1 in control men respectively. The concentration of triglycerides in total plasma and VLDL was lower in Type i diabetic patients than in non-diabetic men but LDL and HDL triglycerides did not differ between the groups.
Concentrations of apolipoprotein A-I and A-H
Mean values and plasma pools of apo A-I did not differ between the diabetic patients and the control subjects ( Table 2 ). The concentration of A-II tended to be less in Type i diabetic men than in control subjects but the difference did not reach statistical significance. The HDL cholesterol/(apo A-I + apo A-II) ratio and the apo A-I/apo A-II ratio were calculated as indexes of the composition of HDL. The HDL cholesterol/A-I + A-II ratio was similar in the two groups (0.36 + 0.05 in Type 1 diabetic subjects vs 0.34 + 0.08 in control subjects, NS) while the Table 2 . Calculated pool sizes (mg) computed compartment masses (mg), input rates and fractional catabolic rates (FCR) in Type 1 (insulindependent) diabetic men (n = 17) and in non-diabetic men (n = 18) 
Apolipoprotein A-I and A-H metabolism
The mean fractional clearance for apo A-I and apo A-II were not significantly different between the Type 1 diabetic and control groups although they tended to be lower in the former ( Table 2) . Calculation of input rates showed that Type 1 diabetic men produced the same amount of apo A-I as control subjects but significantly less apo A-II. Examination of individual pairs of apo A-I and apo A-II turnovers (Table 2) revealed that (1.) the FCR for apo A-I was in some subjects greater than and in others less than that for apo A-II, and (2.) the relationship of apo A-I and apo A-II clearance was linked to the relative abundance of these apoproteins in plasma. As shown in Figure 2 when the plasma apo A-I level was low, its clearance exceeded that of apo A-II while the converse was true at high apo A-I levels. Near the population mean value for the plasma concentration of these apoproteins (middle panel), the decay rates for A-I and A-II were virtually identical. These observations cannot be explained unless the tracers are envisaged as being unequally distributed within the HDL spectrum as conceived in the model in Figure 1 . If it is accepted that ~31I apo A-II traces the LpA-I/A-II particle and the LpA-I behaves independently then it is possible to derive additional kinetic parameters for these particles as shown in Table 3 . While LpA-I/A-II clearance is relatively constant in both groups the rate of LpA-I catabolism is more variable and may be less or greater than that of LpA-I/A-II. Subjects with a higher total plasma apo A-I concentration have higher levels of LpA-I and a slower clearance of this particle (Table 3) . When the data from all 35 subjects were combined ( Fig.3) and divided in tertiles of LpA-I FCR, it could be seen that those in the lowest tertile had high concentrations of HDL2 cholesterol and plasma apo A-I and relatively larger HDL (based on the HDL cholesterol/ 
Interrelations between apo A metabolism and plasma HDL and VLDL levels
HDL cholesterol correlated inversely with FCRs of apo A-I, apo A-II (r = -0.91 in Type i diabetic patients, r = -0.83 in control subjects; p < 0.001 in both groups) and the calculated FCR for LpA-I (r = -0.08 in Type 1 diabetic patients, r = -0.72 in control subjects, p < 0.001 in both groups). These correlations were accounted for by the variation of HDL2 but not HDL3. There was no association between HDL cholesterol levels and any of the input rates for apo A-I or apo A-II in non-diabetic or Type i diabetic men (Tables 2 and 3 ). The concentration of apo A-I was determined by the rate of catabolism of the protein (plasma apo A-I vs apo A-I FCR, r = -0.82, p <0.001 in Type 1 diabetic patients and r =-0.64, p < 0.01 in control subjects) whereas that of apo A-II was governed largely by its synthesis (apo A-II vs A-II input mg.kg -1 .day -I, r = 0.72, p < 0.01 in Type 1 diabetic patients and r = 0.59, p < 0.01 in control subjects). HDL cholesterol varied in an inverse fashion with VLDL triglyceride (r = -0.70, p < 0.01, Table 1 ) in non-diabetic subjects but not in Type i diabetic men (r = -0.38, NS). This dichotomy persisted when the strength of the relationship between VLDL triglyceride and apo A clearance M.-R. Taskinen et al.: Metabolism of apo A-I and A-II in diabetes was examined. In non-diabetic men a significant positive correlation existed between the apo A-I and apo A-II FCR and VLDL triglyceride concentration (Fig.5) but this was absent in the Type 1 diabetic group. In contrast, a positive relationship was seen between VLDL triglyceride and apo A-I or apo A-II input rates (mg.kg 1. day-l) (r = + 0.49,p < 0.05, r = + 0.67,p < 0.01) in Type 1 diabetic men but non-diabetic in normal men (r = 0.24, r = 0.29, NS).
Lipolytic enzymes, HD L and apo A metabolism
Mean values of LPL and HL were similar in control subjects and Type 1 diabetic men ( Table 1 ). The concentration of VLDL triglyceride was inversely correlated with LPL activity in the control group (r = -0.46,p < 0.05) but not in the Type i diabetic group (r = -0.29, NS). In both groups HDL2 cholesterol was positively related to LPL activity (r = + 0.51, p < 0.05 in Type i diabetic patients; r = + 0.66, p < 0.01 in control subjects) but only in Type 1 diabetic men was it inversely related to HL activity (r = -0.58, p < 0.05 vs r =-0.26, NS in control subjects). However, an inverse association existed between HDL2 triglycerides and HL activity in both groups (r = -0.58, p < 0.05 and r = -0.53, p < 0.05). The two lipases have opposite actions on HDL size and composition and their ratio was calculated to examine their relative impact. The mean LPL/HL ratio did not differ between control subjects and Type 1 diabetic men but was positively correlated with the HDL2 cholesterol in both groups (r = + 0.67, p < 0.01 and r = + 0.60, p < 0.05). High LPL activity was found in those control subjects with slow clearance rates for apo A-I and apo A-II (LPL vs apo A-I FCR, r = -0.49, p < 0.05, LPL vs apo A-II FCR, r = -0.47, p < 0.05). This relationship was absent in the Type 1 diabetic group. The LPL/HL ratio correlated inversely with the FCR of apo A-I in Type 1 diabetic men and in control subjects (r = -0.54,p < 0.05 and r = -0.51, p < 0.05).
The impact of glycaemic control on apo A-I and apo A-II metabolism
In Type i diabetic men neither the concentrations of fructosamine or glycosylated haemoglobin were related to the concentrations of VLDL triglyceride (r = -0.07, NS and r = -0.33, NS) or HDL cholesterol (r = 0.42, NS and r = 0.40, NS) respectively. Overall there were no relationships between the FCR's and input rates of apo A-I and A-II and values of fructosamine or glycosylated haemoglobin. No significant correlations were found between daily insulin dose and parameters of apo A-I and A-II metabolism.
Discussion
The present study was designed specifically to look for subtle abnormalities in the regulation of apo A metabolism in Type 1 diabetes. To achieve this we matched the Table 3 . Compartment masses (mg), input rates (mg. kg-1. day t) and fractional catabolic rate (FCR) of apo Lp (A-I) computed by using the predicted model shown in Figure 1 Type 1 Type i diabetic subjects with control subjects on the basis of HDL cholesterol. Consequently it is inappropriate to draw conclusions relative to the absolute values for plasma lipids and lipoproteins in normal health and Type 1 diabetes from these data. Broad similarities in apo A kinetics were observed in the control subjects and Type 1 diabetic patients particularly in the way apo A-I and A-II were regulated by catabolism and synthesis, respectively. However, significant differences between the two groups indicated that Type 1 diabetes is associated with a distinct derangement in HDL metabolism. Although no gross abnormalities were observed in the mean levels of lipids, lipoproteins and lipolytic enzymes in the Type 1 diabetic men, the interrelationships between these parameters were altered. Whereas the control subjects showed a predictable inverse association between VLDL triglyceride and HDL cholesterol this correlation was absent in the Type i diabetic subjects. In fact, VLDL triglyceride showed little variation within the latter group as a whole. The question arises if the narrow range of triglycerides was due to the patient selection or if it was a consequence of good glycaemic control in Type i diabetes. We believe the latter to be the case. In the present study the majority of the patients (9 of 17) actually had HbA1 within the normal range and only three subjects had values exceeding the upper normal range by 2 %. Thus, our patients had very good or moderate glycaemic control. These data accord with the observation that overall serum total and VLDL triglycerides are commonly subnormal in Type 1 diabetic patients with good glycaemic control due to decreased transport rates of VLDL particles [10] . The metabolic link between VLDL triglyceride and HDL cholesterol is mediated in part by LPL [8, 39, 40] . Note that in the control subjects, as HDL cholesterol rises and VLDL triglyceride falls, there is a progressive increment in LPL activity in the plasma. This three-way relationship is again disrupted in Type i diabetes. So these preliminary observations suggest that conventionally insuhn-treated insulin-dependent diabetes may compromise the link between lipoprotein tipase activity, In the two groups (as a result of selection) plasma total apo A-I concentrations, rates of synthesis and fractional catabolism were the same. However, the rate of apo A-II synthesis in the Type 1 diabetic group was reduced 22 %, resulting in a decrement (although non-significant) in the plasma concentration of this apoprotein. Therefore in Type i diabetes there appears to be a further dislocation between apo A-I and apo A-II metabolism. Since we know that apo A-I resides in HDL in two distinct particle species, only one of which contains apo A-II [22, 27, [30] [31] [32] , these data imply that Type i diabetes has a differential impact on these two species. Consequently, we proceeded to multicompartmental analysis using the model shown in Figure 1 . This approach provided an explanation for the observations that the clearance rate of apo A-I relative to apo A-II depended on the apo A-I/A-II ratio in both non-diabetic and Type 1 diabetic groups. Total plasma apo A-I rises in control subjects and Type i diabetic patients due primarily to a decrement in LpA-I catabolism. LpA-I/A-II particles are much less affected both in terms of mass and turnover. Thus, increases in HDL (HDI4) cholesterol in both control and Type 1 diabetic subjects derive primarily from reduced catabolism of LpA-I particles. This substantiates the results of our earlier work [22, 23] and confirms the findings of Brinton, Eisenberg and colleagues [6, 7] who demonstrated significant negative associations between HDL cholesterol and the rate of A-I clearance. Brinton et al. [7] have pointed out that as HDL cholesterol rises so does particle size (as calculated on the basis of HDL cholesterol/A-I + A-II ratio). This in turn is associated with decreased particle clearance. Our data confirm and extend this observation by suggesting that the effect is focused primarily on LpA-I. The present data also show that the plasma concentration of the LpA-I/A-II particle is primarily dependent on its rate of synthesis, which according to our model is reduced in Type 1 diabetic individuals. In this context it is well-known that Type 1 diabetic patients with good to fair glycaemic control have low VLDL triglyceride due to the suppression of VLDL secretion [11, 41, 42] . Whether this is due to reduced flux of non-esterified fatty acids to the liver or to alterations in portal insulin concentration is open to question [10] . The lack of correlation between plasma VLDL triglyceride and LPL activity in Type 1 diabetes suggests that in this condition VLDL synthesis may be a more important regulator of VLDL concentration than the removal. LpA-I/A-II particles thought to be synthesised in the liver [44] , may be influenced in the same way as VLDL synthesis. Indeed, an association between apo A-II and VLDL apo B synthesis has been previously noted by Magill et al. [45] . Thus, if VLDL triglycerides and/or apo B stimulates the synthesis of Lp A-I/A-II particles a reduction of VLDL synthesis would be followed by a fall of Lp A-I/A-II output. Another possibility is that decreased flux of non-esterified fatty acids into the liver in conventionally insulin-treated Type 1 diabetic patients with good glycaemic control modulate Lp A-I/A-II particle synthesis. We argue above that in Type I diabetes there is a disruption in the normal association between VLDL triglyceride and HDL metabolism. In non-diabetic individuals plasma triglyceride is positively associated with the fractional clearance rate of both apo A-I and apo A-II as noted earlier by several groups. Brinton et al. [7] have suggested that this link depends on (1.) the relative activities of LPL and HL and, (2.) the concentration of VLDL triglyceride. This concept is supported by the observations of Goldberg et al. [46] who found that in monkeys LPL inhibition increased the FCR of apo A-I markedly. The data suggest that variations in apo A-I FCR may be due to differences in LPL activity. In our studies there was an inverse correlation between LPL activity and FCR's of apo A-I and apo A-II in the control group but not in the Type i diabetic group. Where VLDL triglyceride is high and LPL is low, HDL, as a result of neutral lipid exchange, becomes triglyceride-rich and a better substrate for HL which reduces its size and hence promotes its clearance. Our data suggest that this mechanism does not contribute to the low HDL levels in our Type 1 diabetic subjects. In those with a low HDL cholesterol, low apo A-I and high LpA-I clearance, other mechanisms independent of the VLDL-lipoprotein lipase link must operate. This study indicates that HDL metabolism remains largely intact in Type 1 diabetes, however, consistent differences were observed whose origins may lie in the necessity to treat Type i diabetic subjects with large doses of exogenous insulin.
